A prune extract was separated by an antioxidantguided assay to obtain an oligomeric proanthocyanidin fraction. The antioxidative oligomer was characterized as a procyanidin oligomer with an average polymerization degree of five and composed of epicatechin and catechin units. The antioxidative activity of the oligomer showed greater potency than chlorogenic acid which is known as an antioxidative component in prunes.
Prunes are the dried fruits of certain cultivars of Prunus domestica L. (Rosaceae) and have recently been promoted as a healthy food. The ingestion of prunes decreased the LDL cholesterol plasma level in humans with hypercholesterolemia, 1) as well as the plasma and liver cholesterol concentrations in hyperlipidemic rats. 2) A prune extract and juice have been reported to inhibit low-density lipoprotein (LDL) oxidation. 3) In vitro assays have shown that prunes had the highest antioxidative capacity among dried fruits. [4] [5] [6] The antioxidative components of prunes are such caffeoylquinic acids as chlorogenic, neochlorogenic, and cryptochlorogenic acids which have been shown to possess significant antioxidative activities in tests using the oxygen radical absorbance capacity method. 7) However, in the preceding study, caffeoylquinic acid-free fractions were also thought to show potent antioxidative activity. In the present study, an antioxidant assay-guided fractionation of the prune extract led us to obtain a potent antioxidative fraction. We describe the characterization of the components and evaluation of the antioxidative activities of the active fractions by three different assays.
The methanol homogenate of the edible part of prunes (360 g) was filtered and evaporated. The resulting methanol extract (210 g) was separated by column chromatography over Diaion HP-20 (Mitsubishi Chemical Co., Tokyo, Japan, 50 Â 7:0 cm i.d.) with H 2 O and increasing amounts of methanol (H 2 O ! 20% ! 40% ! 60% ! 100% methanol) in a stepwise gradient mode. We evaluated the antioxidative activities of each eluate by using three different assays.
The free radical scavenging activity was measured according to the method described by Ito et al., 8) with a slight modification. A methanol solution of each eluate at various concentrations (2.5-100 mg/ml) were added to 30 mM 1,1-diphenyl-2-picrylhydrazyl (DPPH) in ethanol, and then the reaction mixture was vigorously shaken for 10 s. The absorbance at 520 nm was measured after 5 min of incubation at ambient temperature. The remaining DPPH was determined by colorimetry at 520 nm, and the radical scavenging activity of each sample is expressed by the ratio of the percentage absorption (Abs) of DPPH relative to the control DPPH solution (100%) in the absence of a sample. Mean values were obtained from triplicate experiments.
The superoxide dismutase (SOD)-like activity was measured as described by Robak and Gryglewski, 9) with some modification. Superoxide anions generated in an enzymatic system [xanthine-xanthine oxidase (XOD)] and a non-enzymatic system [phenazine methosulphate (PMS)-NADH] were estimated by spectrophotometric measurement of the reductants of nitro blue tetrazolium (NBT). With the enzymatic system, a 24% DMSO solution of each eluate (1-100 mg/ml) was added to a 0.1 M phosphate buffer (pH 7.5) containing 0.75 mM NBT, 0.1 mM xanthine, and 5 mM diethylenetriaminepentaacetic acid (DETAPAC). The reaction mixture was preincubated for 10 min at 25 C. The mixture was then incubated for 20 min at 25 C after adding 0.08 U/ml of XOD. The absorption of the mixture was immediately measured at 550 nm. A blank sample was measured without the enzyme in a similar manner.
With the non-enzymatic system, a sample in 24% DMSO prepared with various concentrations (2.5-50 mg/ml) was added to a 0.1 M phosphate buffer containing 0.38 mM NBT, 5 mM DETAPAC, 0.24 mM NADH, and 57 mM PMS. The absorption of the reaction y To whom correspondence should be addressed. Fax: +81-86-251-7937; E-mail: hito@cc.okayama-u.ac.jp Biosci. Biotechnol. Biochem., 72 (6), [1615] [1616] [1617] [1618] 2008 Note mixture was measured at 560 nm after incubating for 20 min at ambient temperature. A blank sample was measured without PMS, and a 24% DMSO solution was used as a control. In the two assays for SOD-like activity, EC 50 percentages given as the mean value of three experiments were calculated by using the following equation:
The results are summarized in Table 1 . The 40% and 60% methanol eluates showed strong antioxidative activity comparable to that of chlorogenic acid, which is known as a potent antioxidative constituent of prunes. A part (700 mg) of the antioxidative 60% MeOH eluate was further separated by column chromatography over Toyopearl HW-40C (40 Â 2:2 cm i.d.; Tosoh Co., Tokyo, Japan) with 70% EtOH to yield two fractions (fractions 1 and 2). The antioxidant activity of both fractions was assessed, one of which (fraction 2, 30 mg) displayed more potent activity than chlorogenic acid, epicatechin and ascorbic acid ( Table 1) .
The antioxidative fraction was found to be a proanthocyanidin by the formation of cyanidins upon heating with n-BuOH-HCl.
10) Both the normal-and reversedphase HPLC profiles of the fraction showed very broad peaks. The (Fig. 1) . [11] [12] [13] These data suggest that the antioxidative fraction was concerned with the procyanidin oligomer (1).
Gel permeation chromatography (GPC) [column, TSK-gel super AW3000 (Tosoh Co., 150 Â 6:0 mm i.d.); solvent, 3 M HCOONH 4 -N,N-dimethylformamide (0.5/99.5 v/v); flow rate, 0.5 ml/min; at 40 C] was conducted on the epicatechin monomer (t R 5.37 min), dimer (t R 5.01 min), and tetramer (t R 4.62 min) as markers of the molecular weight. The molecular weight of the oligomer is defined by the equation (log MW ¼ À0:79 Â t R þ 6:73). The number and weight average molecular weights of the oligomer (1) (t R 3.82 min) (Fig. 1) were 1:5 Â 10 3 and 3:3 Â 10 3 , respectively, corresponding to a pentamer (n ¼ 3) structure (Fig. 2) . The chemical constitution of oligomer 1 was disclosed by acid-catalyzed degradation with phloroglucinol. 14) A mixture of oligomer 1 (1 mg) and phloroglucinol (1 mg) in 1% HCl-EtOH (0.2 ml) was left standing overnight at room temperature. The normal-and reversed-phase HPLC analyses of the reaction mixture revealed the formation of epicatechin-(4 ! 2)-phloroglucinol (2) and catechin (3) which was confirmed by an HPLC comparison with authentic samples. Products 2 and 3 originated from nucleophilic substitution at the interflavonoid bonds by phloroglucinol under acidic conditions (Fig. 2) . Based on these findings, the antioxidative fraction from the prune extract was assigned to the category of a procyanidin decamer, because the average sample consisted predominantly of epicatechin units containing catechin as a terminal unit.
In the present study, the prune methanol extract was separated by polystyrene and polyvinyl gel column chromatography to yield a discrete procyanidin oligomer up to the pentamer level. This oligomer comprised mostly epicatechin units with catechin as a terminal unit. The antioxidative activity of the prune procyanidin oligomer was found to be more potent than chlorogenic 15) their structural information has been little known to date. In this study, for the first time, we characterized the proanthocyanidin oligomer as contributing to the antioxidative activity of prunes. Our results suggest that the highly antioxidative activity of prunes depends on the effects of both the proanthocyanidin oligomer and caffeoylquinic acids. The bioavailability of proanthocyanidin has been little disclosed to date, although many studies have revealed the protective effect of proanthocyanidins against cardiovascular diseases. 16) A few studies have also reported that proanthocyanidins up to the trimer were detected in biological fluids following the intake of drink or food containing proanthocyanidins, 17, 18) and the degradation of proanthocyanidin into low-molecular-weight phenolic acids by intestinal microflora has been demonstrated. 19) Further bioavailability studies on prune antioxidants are needed to investigate the contribution to health benefits of prunes.
